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METHOD FOR DISPLAYING THE
TEMPERATURE FIELD OF A BIOLOGICAL
SUBJECT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation of application PCT/RU2011/
000695 filed Sep. 9, 2011 which 1s incorporated herein by
reference, and which claims priority on Russian patent
application 2010144628 filed Nov. 2, 2010, which priority

claim 1s repeated here.

TECHNICAL FIELD

The present invention relates to medicine and veterinary
medicine, namely, to the measurements for diagnostic pur-
poses by measuring the temperature of the body parts; the
invention can be used 1n medical and veterinary practice for
diagnosis of diseases and for monitoring of the dynamics of
the disease during the course of treatment.

In this application, the term “image of the object” and
“1mmage of the examined area of the object” includes: elec-
tronic 1mage of recerved on photosensitive element of the
photo camera, subsequent transfer of the electronic image to
a personal computer 1n any conventional format, as well as

an electronic model of a biological object with the image of
the examined area in the format 2D or 3D.

PRIOR ART

It 1s widely known that a disease of organs of a biological
object 1s accompamed by the change 1n temperature in the
relevant to the disease areas of the body of the biological
object. Information on the temperature field gives an indi-
cation of the presence of the pathology in the body of the
biological object, herewith, diagnostics of the revealed
pathology 1s performed based on known temperature signs.

Currently, expensive computer thermographs are used for
the purpose of obtaining information about the temperature
field of a person; thermographs register thermal (infrared)
radiation from a person through inirared-sensitive sensor
clements and display 1t on the computer screen 1n the form
of a thermogram, which 1s the image of the thermal radiation
of the person. However, due to the high cost and complexity
of the service, not all medical facilities have thermographs,
and for the same reasons, thermographs practically are not
used 1n veterinary medicine.

These circumstances contribute to the development of
methods that can display the temperature field of biological
objects using widely used hardware: computers and tem-
perature sensors.

There are ways to display the temperature field of a
biological object, based on the use of contact temperature
sensors connected to computer, where data from the sensors
1s used for construction of the image of the temperature field
of the examined area on computer screen by means of a
computer program (for 1nstance, RU 2276965 (2,
2'7.05.2006; RU 2003127766 A, 20.03.2005; RU 2267982
C2, 20.01.2006). Presence of pathology 1s detected by the
temperature deviation in the examined area of the body of a
biological object from the standard value, which 1s used as
the average value, typical for healthy objects or individual
norm ol the object obtained by averaging indicators of
sensors by measuring the temperature at several points of the
examined area on the body of the biological object.
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The shortcoming of the known methods 1s connected to
the fact that identification of the pathology i1s done by the

displayed on-screen temperature field, which, specialist con-
ducting the survey connects with a examined area only
associatively, and consequently, subjective judgment signifi-
cantly influences on identification of the pathology. Subjec-
tive judgment 1s aggravated by the fact that every biological
object has 1ts own specific physical structure. This reduces
accuracy and hampers clarity of the examination. Moreover,
accuracy of temperature field’s reproduction depends on the
characteristics of the employed contact thermometers, read-
ings of which, in the given time, are determined by the
condition of the skin of a biological object, 1n particular, by
its humidity. This requires preliminary measurement of the
dependence of the thermometer’s readings on skin’s char-
acteristics and mnput of this dependence in the algorithm of
the receitved data processing. In addition, the readings of a
contact thermometer depend on the conditions of the readout
procedure, for example, on the extent of pressure of the
thermometer on the human body during measurement.

As the nearest analogue to the claimed method was
chosen method known RU 2007138079 A, 27.04.2009. The
method of displaying of the temperature field of biological
object includes temperature measurement of the object by
contact temperature sensors in {ixed points on the examined
area, transier of measurement results i each fixed point to
the computer equipped with a specialized program, process-
ing ol measurement results by the computer, and the use of
processed measurement results for creation of the image of
temperature field of the examined area on the object, which
1s displayed on the computer screen. The method provides
even distribution of contact of the sensors with the surface
of the diagnosed area of the body of the biological object, for
which purpose the examined area of the body surface of the
object 1s tightly pressed out with an elastic suit. The time for
output of the sensors in the steady-state condition 1s set, and,
by using control logic, operative serial interrogation of
temperature sensors 1s pertormed. The measured tempera-
ture values are used to form an array of temperature data,
which 1s transmitted to the computer; the array of data of
measured temperature values 1s formed in the hard memory
of the computer. Then, 1n accordance with a preinstalled
computer program, that data 1s processed and displayed on
the screen of the computer.

The disadvantage of this method as well as the methods
described above 1s that the accuracy of displaying of tem-
perature field depends on many parameters, reducing its
self-descriptiveness, which results in the presence of sig-
nificant subjective factor 1n identifying pathologies. In addi-
tion, the use of the resulting 1image deprives the examination
of clarity. Disadvantages also include long duration and
complexity of the procedure of measuring temperature
because of the need for special measures for elimination of
the dependence of the readings of the sensors on the skin
condition of a biological object.

SUMMARY OF THE INVENTION

The technical result that 1s obtained by using the proposed
method 1s to increase the accuracy of generated image of
temperature field on the examined area of the object by
fixing of the received 1mage of the temperature field to the
parameters of the examined area; and to increase the accu-
racy and clarity of identifying pathologies by using the
present mvention. The method 1s easy to implement, and 1t
1s carried out with the use of technical tools that are widely
used today. In addition, the present invention allows a person
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to monitor his or her temperature field, save 1t in the database
of the computer, and transmit this data to the approprate
specialist 1in a medical center for detection of pathologies
and their diagnostics.

The technical result 1s achieved due to the fact that the
way of displaying of the temperature field of the biological
object (including temperature measurement of the object 1n
the fixed points on the examined area, transfer of measure-
ment result at each fixed point to computer with preinstalled
computer program, processing of the results of measure-
ments 1n the computer, and the use of processed results to
form an 1mage of temperature field of the examined area of
the object) 1s characterized by the fact that the image of the
examined area of the object 1s preliminary mputted 1n the
computer database and displayed on the screen, herewith,
temperature measurement points on the examined area of the
object are displayed on the image of the object on the
computer screen, and after making measurements and pro-
cessing of the results of measurements, the image of tem-
perature field of the examined area of the object 1s formed
on the image ol the examined area of the object by the
computer program 1n the computer.

Temperature field of the examined area of the object can

be formed 1n a computer by interpolating the temperatures
measured at different points on the examined area of the
object.
It 1s advisable to form the temperature field of the examined
area of the object 1n the computer by linear interpolation of
the temperatures measured at adjacent points on the exam-
ined area of the object.

The 1image of the temperature field of the object can be
displayed on the computer screen 1n accordance to the color
palette entered into the computer program, in which each
temperature value corresponds to a particular color.

It 1s advisable to measure the temperature by infrared
thermometer or inirared pyrometer. For increasing seli-
descriptiveness, 1t 1s appropriate to display the temperature
(measured at a specific point of the examined area of the
object) 1n digital form on the computer screen to the corre-
sponding point on the image of the examined area of the
object.

The mvention 1s based on the proposal to display the
temperature field of the object directly on the image of the
examined area of the body of the biological object displayed
on the computer screen, and to measure the temperature on
the examined area at the points corresponding to the points
selected and recorded on the image. When implementing the
method, the points for measuring can be either immediately
set on the 1mage of the object or set sequentially, after each
measurement in the previously selected point. The accuracy
of the temperature field formation depends on the number of
measurement points and the distances between them: the
more points are set with lesser distance between them, the
greater the accuracy of the formation of the temperature
field.

Herewith, as the image of the examined area i1s used the
clectronic 1image of the examined area of the object received
on the photosensitive element of the camera, which can be
subsequently transferred to a personal computer i any
conventional format, or the image of the examined area on
a model of a biological object in 2D or 3D format.

Implementation of the method 1s carried out by using the
computer program, including the algorithms that implement
fixation of points for temperature measurement on outputted
on computer screen 1mage of the examined area; the results
of measurements are reflected on the points, and the tem-
perature distribution 1 a form of a thermogram i1s formed
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directly on the 1image of the examined area, that 1s receive
the same 1mage as the image of thermal radiation in ther-
mography.

Different algorithms can be used for the formation of the
temperature field of the object on the computer screen,
however, rather simple and informative 1s the algorithm
based on the interpolation of the measured temperatures at
adjacent points for determining the temperature values
between these points, herewith, the most simple algorithm 1s
built on the principle of linear interpolation. The algorithm
includes the step of constructing the convex surface based
on the measured array of points that correspond to the points
of temperature measurement, and the partition (triangula-
tion) of the constructed surface to the sectors in the form of
polygons, the angles of which coincide with the points of
temperature measurements. Further, the algorithm provides
determination of the temperature between the adjacent
points by interpolation method, determination of the angles
of inclination of each polygon, and formation of the bit
image data of the temperature field, which 1s superimposed
on the 1mage of the examined object.

The used algorithm also allows displaying the tempera-
ture measured at a specific point of the examined area of the
object 1n a digital form on the screen in the corresponding
point on the 1image of the examined object. Output of the
temperatures measured 1 numerical terms increases the
information content of the proposed method.

The color palette 1s used for visualization of the tempera-
ture field; 1n the color palette, certain temperature corre-
sponds to certain color. The algorithm of the computer
program fills every pixel of the processed image of the
temperature field in the appropriate color.

To display the temperature field of the object, contact as
well as infrared (non-contact) thermometer or pyrometer can
be used for temperature measurement of a biological object,
however, the use of an infrared thermometer or pyrometer 1s
preferred 1n virtue of the above described shortcomings of
contact thermometers.

The use of the photographic image of the examined area
of the object that 1s mntrinsic to the specific object increases
the accuracy of displaying the temperature field and
excludes the impact of anatomical (physical) structure of the
biological object on locating pathology in the body of the
biological object. Visualization and increase of efliciency of
identifying a wide range of pathological processes that can
develop 1 humans and animals 1s achieved due to this
technique. In addition, the claimed method allows visual
assessment ol the eflectiveness of treatment of diseases.
Using the proposed method allows to assess the eflfective-
ness of each treatment procedure.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

In the drawings:

FIG. 1 1s a photographic image of the face of an indi-
vidual, on which temperature measurement points are
marked;

FIG. 2 1s the image of the temperature field, formed on the
base of the temperatures measured at the points shown in the
photographic 1mage the person shown on FIG. 1;

FIG. 3 1s a photographic image of the back of an 1ndi-
vidual, on which temperature measurement points are
marked; and

FIG. 4 1s an 1image of the temperature field, constructed
based on the temperatures measured at the points indicated
on the photographic image of the back shown on FIG. 3.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An example of implementation of the claimed method 1s
described below.

First, pictures of an examined area are taken by photo-
graphic camera that has means for entering the photos into
the database of the computer equipped with the program
ensuring the algorithm of processing of the inputted data 1n
the computer 1n accordance with the claimed method. The
photo of the examined area of the biological object 1s
displayed on the computer screen.

Pomnts for temperature measurement are fixed on the
image of the examined area of the biological object on the
computer screen, then, by infrared thermometer, the tem-
perature 1s consistently measured on the examined area at
the points corresponding to the location of the points on the
image of the object. The measurement results are transmaitted
to the computer, 1n which the measured data 1s processed and
displayed on the screen to the corresponding point on the
image of the surveyed area of the body of the biological
object.

The received data of temperature measurements 1s out-
putted by the computer program to the screen 1n the form of
thermogram that 1s superimposed on a photographic 1image
of the examined area of the biological object.

The method has been tested and used to detect intlam-
matory, vascular, and tumor pathologies 1n humans and
animals.

The invention claimed 1s:

1. A method for displaying a temperature field of an area
of a human skin surface in order to monitor a pathological
process, comprising;

saving a digital 1image of the areca of the human skin

surface 1n a memory ol a computer and displaying the
digital 1image on a computer screen; the digital image
acquired using a camera;

marking pre-measurement points on the digital image

displayed on the computer screen, the pre-measurement
points corresponding to points on the area of the human
skin surface;

measuring, using one of an infrared thermometer and an

inirared pyrometer, the temperature only at the points
of the human skin surface corresponding to the pre-
measurement points previously marked on the digital
1mage;
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providing measured values of the temperature at said
points of the human skin surface corresponding to the
pre-measurement points previously marked on the digi-
tal image to the computer;

generating a temperature field using only the measured

values of temperatures and the computer that 1s con-
figured to generate the temperature field; since tem-
perature 1s measured at said points corresponding to the
pre-measurement points marked on the digital image,
the temperature field 1s formed superimposed on the
digital 1mage;

saving an 1mage of the temperature field superimposed on

the digital image of the area of the human skin surface
in the computer; and

displaying the image of the temperature field superim-

posed on the digital image of the area of the human skin
surface on the computer screen;

whereby displaying a temperature field of an area of a

human skin surface 1s used to detect intflammatory,
vascular, and tumor pathologies 1n humans.

2. The method of claim 1, wherein the temperature field
of the area of the human skin surface 1s formed by nterpo-
lation of temperatures, measured at the pre-measurement
points.

3. The method of claim 2, wherein the temperature field
of the area of the human skin surface 1s formed by linear
interpolation of temperatures, measured 1n adjacent pre-
measurement points on the area of the human skin surface.

4. The method of claam 2, wheremn the image of the
temperature field of the area of the human skin surface 1s
displayed on the computer screen in accordance with a
computer program color palette, in which each specific color

corresponds to a temperature value.

5. The method of claim 2 further comprising displaying
the 1mage of the temperature field on the computer screen.

6. The method of claim 1, wherein the measured values of
the temperature are displayed in a numerical form on the
screen of the computer at corresponding pre-measurement
points on the 1mage of the area of the human skin surface.

7. The method of claim 1, wherein temperature measure-
ments are obtained serially.

8. The method of claim 1 further comprising saving the
temperature field in a database.
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